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@ Optoelectronic device comprising a semiconductor laser and an optical isolator. 



@ The invention relates to an optoelectronic device 
comprising a semiconductor laser enclosed in an 
envelope, an optical fibre coupled to the semicon- 
ductor laser, and further coupled to at least one 
optical isolator and an outgoing optical fibre (pigtail). 

According to the invention, the semiconductor 
laser (3) and the optical isolator (17) are each en- 
closed in a separate module. The laser module (1) 
mainly provides space to the semiconductor laser (3) 
and to an optical fibre (9) coupled thereto and end- 
ing in a ferrule (13) in a tubular projection (12) of the 
laser module. The module (16) for the optical isolator 
is tubular in shape and contains In that order a first 
graded index lens (18), an optical isolator (17), a 
second graded index lens (13), and an outgoing 



optical fibre (pigtail) (20) coupled to this second 
graded index lens through a fermle. The tubular 
projection of the laser module and an end portion of 
the tubular optical module are so shaped in relation 
to one another that a mechanical coupling of the two 
modules can be obtained whereby the optical cou- 
pling between the modules is achieved simulta- 
neously. 

In such a device, there are no restrictions as to 
the technology for optically coupling the fibre and 
the laser, the manufacture is simple and testing of 
the components is possible before assembly. It is 
also possible to use several isolators or isolators of 
different types, while the module construction is 
maintained. 
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The invention relates to an optoelectronic de- 
vice with a semiconductor laser and an optical 
isolator, comprising a semiconductor laser element 
enclosed in an envelope, an optical fibre coupled to 
the semiconductor laser element, which fibre is 
further coupled to at least one optical isolator con- 
sisting of two polarizers with an interposed Faraday 
rotator, and an outgoing optical fibre (pigtail). 

There is an obvious demand nowadays for 
single mode lasers having low noise characteristics 
for application in, for example, optical telecom- 
munication and video distribution, operating at very 
high frequencies. The distributed feedback (DFB) 
lasers generally used for these applications, how- 
ever, are very sensitive to optical feedback. Espe- 
cially reflections which may occur m the case of a 
less good coupling between two optical fibres have 
an unfavourable effect on the correct operation of 
these lasers. It has been suggested to include an 
optical isolator in the device to limit the optical 
feedback to the laser element. The aim then is to 
include the optical isolator in the envelope of the 
laser and thus to obtain a module construction. An 
example of such a module is given in JP 63- 
252497(A). 

A module construction as described in JP 63- 
252497, however, also has disadvantages. The 
space available for insertion of further elements, 
such as the optical isolator, in a standard envelope 
of the semiconductor laser is small, so that the 
manufacture of such a module becomes intricate. 
Furthermore, it is no longer possible to couple the 
optical fibre directly to the laser element, whereas 
direct coupling leads to a favourable optical effi- 
ciency. If one of the components of the device 
shows a defect after assembly, this entire device, 
in which the expensive isolator has already been 
included, must be replaced. 

The invention has for its object to provide an 
optoelectronic device of the kind described in the 
opening paragraph in which no restrictions obtain 
as to the technology of optical coupling between 
the semiconductor laser and the optical fibre, 
whose manufacture is not unnecessarily compli- 
cated, where testing of the components is possible 
before the device is assembled, and in which the 
application of various times of optical isolators, as 
well as the use of several optical isolators is possi- 
ble in a very simple manner, while nevertheless a 
module construction is possible. 

To achieve this object, according to the inven- 
tion, the optoelectronic device described in the 
opening paragraph is characterized in that the 
semiconductor laser and the optical isolator are 
each included in a separate module, in that the 
laser module provides space mainly for the semi- 
conductor laser element and an optical fibre coup- 
led thereto which ends in a ferrule which is en- 
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Closed In a substantially tubular projection of the 
laser module, in that the module for the optical 
isolator is substantially tubular In shape, this mod- 
ule containing in that order a first graded index 

5 lens, at least one optical isolator, a second graded 
index lens, and an outgoing optical fibre (pigtail) 
coupled to this second graded index lens by 
means of a ferrule, the tubular projection of the 
laser module and an end portion of the tubular 

10 optical module being so shaped in relation to one 
another that a mechanical coupling of the two mod- 
ules can be achieved, whereby the optical coupling 
between the two modules takes place simulta- 
neously. 

75 The optoelectronic device according to the in- 

vention consists of two modules which can be 
eventually united. Thus a greater freedom in the 
constructional assembly is obtained than in the 
case where a single module is used. It is possible, 

20 for example, to realise any desired coupling be- 
tween the semiconductor laser and the optical fibre 
in the laser module, also a direct coupling. Further- 
more, the two modules may be separately tested 
before they are interconnected, so that costly re- 

25 jects are avoided. The manufacture of the separate 
modules can also be arranged in a simpler manner 
than the manufacture of a single, complicated mod- 
ule. The construction comprising two modules also 
renders it possible in a simple manner to connect 

30 optical isolators of different construction to the 
standard laser module. The separate isolator mod- 
ule also renders it simple, for example, to build in 
more than one isolator if the isolation value has to 
be extra high. The use of the two separate mod- 

35 ules, each provided with a connection part which 
renders a simple assembly possible, therefore, af- 
fords a much greater degree of freedom of action 
than the use of a single laser module provided with 
an optical isolator. 

40 In a favourable emt)odiment of the optoelec- 
tronic device according to the invention, the semi- 
conductor laser consists of a distributed feedback 
(DFB) semiconductor laser and the optical coupling 
between the laser element and the optical fibre 

45 included in the laser module is constructed as a 
tapered pigtail. A very effective coupling to a DFB 
laser is obtained in this way. 

A further embodiment of the invention is char- 
acterized in that the ferrule in which the end of the 

50 optical fibre of the laser module is enclosed and 
the end of the first graded index lens which points 
towards said ferrule in the assembled state of the 
two modules are of plane construction and enclose 
a small angle with a plane which is perpendicular 

55 to the optical axis of the assembly, while a small 
interspacing is present between the said planes. 

The transition between these planes can lead 
to considerable reflections. Owing to the oblique 
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positioning oi the two planes, a feedback to the 
laser element ts avoided. The presence ot a small 
interspacing between these planes will cause the 
substanliblly paiallcl nytu beam from the laser ele- 
ment la itfdvti Ute graded index lens at a small 
angle. As a result lellections from all surfaces hit 
by the beam and positioned roughly perpendicu- 
larly to the optical axis will be imaged beside the 
fibre core, so that feedback to the laser will not 
occur. 

The interspacing between the planes of the 
ferrule and the hrct graded index lens has an 
excellent effect If tc cue lies between 50 iim and 
500 u-m, and is protofab'y approximately 200 nm. 

The invention will be explained in more detail 
with reference to an embodiment shown in the 
drawing. In the drawing 

Fig. 1 shows a cross-section of an embodiment 
of the laser module. 

Fig. 2 shows a cross-section of an embodiment 
of an isolator mrvtulft. 

Fig. 3 shows a rrn<;R-sftction of a laser assembly 
with an optical isriator. the isolator module be- 
ing modified ccmpared with the isolator module 
of Fig. 2, 

Fig. 4 is a diagrammatic picture of the optical 
arrangement of the isolator coupling, and 
Fig. 5 is a diagrammatic picture of a modified 
construction of the isolator coupling of Fig. 4. 
The optoelectronic device according to the in- 
vention has a module construction. However, not a 
single module was opted for. but the device is 
formed as an assembly of a laser module and an 
isolator module. Advantages of this have been in- 
dicated above; further favourable aspects will be 
elucidated in the following description. 

Fig. 1 shows an embodiment of a laser module 
1 which can t>e used in the optoelectronic device 
according to the invention. The embodiment shown 
comprises a standard envelope of the DIL 14 type. 
A laser element 3 in the housing 2 is provided on a 
cooling block 4 which is present on a support 5. 
This support is placed on a Peltier cooling device 
which is generally designated with the reference 
numeral 6. On the support 5 there is also a holder 
7 to which a photodiode 8 is fastened. The 
photodiode 8 measures the quantity of light radi- 
ated by the laser diode; the signal generated in the 
photodiode is used tor controlling the emission 
intensity of the semiconductor laser diode 3. 

An optical fibre 9 is coupled to the semicon- 
ductor laser diode 3. In the embodiment shown, a 
direct coupling of the laser light in the fibre 9 is 
used, a tapered glass fibre (tapered pigtail) being 
used. This coupling technology, which is known 
per se, has a very favourable efficiency. The fibre 
is included in a support 11 near its tapering end 
10. The housing 2 has a tubular projection 12 



which surrounds a tube portion 13 which guides 
the optical fibre 9 issuing from the envelope. The 
optical fibre is guided from the envelope In a 
carrier element 14; the end of the fibre is enclosed 
5 in a portion 15 of the ferrule 13, 15. A cover 16 
hermetically seals off the envelope. 

The unit depicted in Fig. 1 by way of example 
forms a laser module developed for use in an 
optoelectronic device in cooperation with a module 
10 for an optical Isolator, preferably in a device operat- 
ing at very high frequencies for telecommunication 
or video distribution. Preferably, a DFB semicon- 
ductor laser is used for this, while coupling to the 
optical fibre takes place by means of the tapered 
IS pigtail coupling technology. This module may be 
separately adjusted and tested before it is con- 
nected to a module of an optical isolator. It is 
achieved by this on the one hand that it can be 
checked whether the operation of the laser module 
20 is optimum before the expensive total unit is as- 
sembled, and on the other hand that a possibility is 
created for connecting the laser module to optical 
isolators of different construction. 

Especially the DFB semiconductor laser suit- 
25 able for very high frequencies are sensitive to 
optical feedback, which may lead to comparatively 
high noise levels. There is accordingly a clear 
demand for an optoelectronic device provided with 
a laser and with one or several optical isolators. 
30 Fig. 2 shows an embodiment of an optical 

isolator suitable for cooperating with the laser mod- 
ule of Fig. 1. An optical isolator 17 is enclosed in a 
tubular holder 16. Such an isolator ensures that 
light is transmitted in one direction only, or that the 
35 polarization of the light is changed in such a way 
that the reflected light has no influence on the laser 
anymore. The isolator 17 consists, in a manner 
known per se, of two polarizers with an interposed 
Faraday rotator. Yttrium-Iron-Garnet (YIG) crystals 
40 are often used for the Faraday rotator, while the 
polarizers usually consist of calcide or plate po- 
larizers. 

The optical coupling to the glass fibre of the 
laser module takes place by means of a graded 

45 index lens 18. which in its turn Is optically coupled 
to the isolator 17. The isolator 17 is coupled to a 
further graded index lens 19 at its output side. 
Coupling to the outgoing optical fibre 20 (pigtail) 
takes place through a ferrule 21 in which an end of 

50 said fibre is enclosed. 

The module 22 of the optical isolator depicted 
in Fig. 2 may be connected to the laser module 1 
by means of the tubular holder 16 so as to form a 
unit. First, however, the laser module and the ex- 

55 pensive optical module may be tested for their 
characteristics, so that correct modules only are 
joined together into an assembly. It will be obvious 
that both the embodiment of the laser module 1 
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shown in Fig. 1 and the isolator module 22 in Fig. 2 
only form an example of an optoelectronic device 
to be assembled. Thus it is possible, for example, 
to include one (or several) further isolator(s) in 
series with the isolator 17 in the module 22 for the 
optical isolator to obtain a greater optical isolation. 

Fig. 4 diagrammatically shows the optical sys- 
tem of the optical module shown in Fig. 2, consist- 
ing of ferrule 15 of the laser module 1, the graded 
index lens 18, the optical isolator 17, the graded 
index lens 19, and the ferrule 21 for the pigtail 20. 
Such an optical system must have an isolation 
value of more than 30 dB. In practice, reflections 
appear stiH to be possible in this construction, 
adversely affecting the signal-to-noise ratio. An em- 
bodiment of the optical system as diagrammatically 
stiown in Fig. 4 is more favourable, and it makes 
an inventively important contribution to the op- 
loeioctronic device according to the invention. 

The optical system of Fig. 5 avoids to a high 
dnQtofi the feedback of undesirable reflections into 
Ihfi somiconductor laser 3. In this optical system, 
tho mutually facing surfaces 23 and 24 of the 
ferrule 15 and the graded index lens 18 enclose a 
small angle with a plane perpendicular to the axis 
of the optical system, while a free interspacing is 
crcatoc txjtween these planes of approximately 20 
10 bOO urn. preferably approximately 200 urn. Fur- 
ther mcc. the surface of the ferrule 21 facing the 
qraaed index lens 19 is positioned at a small angle 
to a plane perpendicular to the axis of the optical 
s/stom: while this plane is at a small distance from 
tho plane 26 of the graded index lens 19. The 
angle txjtwoen the plane 23 of the ferrule 15 and 
the picnc 24 of the graded inoex lens prevents 
reflections from the latter plane. The interspacing 
between those planes leads to an offset m the x- 
diroction (virtual image), so that tho beam will leave 
the graded index lens at a small angle Reflections 
from all surfaces substantially pcrpcnd-cuiar to the 
axis of the optical system are then imaged next to 
the fibre core and will accordingly not influence 
laser performance. The oblique surface 25 of fer- 
rule 21 and the end of the fibre 20 enclosed therein 
together with the interspacing between the planes 
25 and 26 ensure that the beam enters the end of 
the fibre 20 correctly centred and substantially 
axially. 

Fig. 3 shows an assembly of a laser module as 
shown in Fig. 1 and a module for an optica! isolator 
with an optical system as depicted Oiagrammati- 
cally in Fig. 5. The laser module i corresponds to 
the module shown in F\q. 1, The optical module 
shows, besides the optical system diagrammati- 
cally depicted in Fig. 5, an output for the pigtail 20 
which is adjustable in the x- y- and ^-directions 
relative to the graded index lens 19. To this end, 
the pigtail 20 with ferrule 21 is included in an 



adjustment element 23. The ferrule 21 can be 
axially adjusted therein relative to the graded index 
lens 19, while the adjustment element 23 itself Is 
adjustable in a direction perpendicular to the op- 
5 tical axis. Thus an excellent coupling between the 
lens 19 and the fen-ule 21 of the pigtail 20 can be 
achieved. 

It will be obvious that the embodiments shown 
only serve as examples to illustrate the invention 
70 and that constructional changes are possible within 
the scope of the invention. 

Claims 

75 1. An optoelectronic device with a semiconductor 
laser and an optical isolator, comprising a 
semiconductor laser element enclosed in an 
envelope, an optical fibre coupled to the semi- 
conductor laser element, which fibre is further 

20 coupled to at least one optical isolator consist- 

ing of two polarizers with an interposed 
Faraday rotator, and an outgoing optical fibre 
(pigtail), characterized in that the semiconduc- 
tor laser and the optical isolator are each in- 

25 eluded in a separate module, in that the laser 

module provides space mainly for the semi- 
conductor laser element and an optical fibre 
coupled thereto which ends in a ferrule which 
is enclosed In a substantially tubular projection 

30 of the laser module, in that the module for the 

optical isolator is substantially tubular in shape, 
this module containing in that order a first 
graded index lens, at least one optical isolator, 
a second graded index lens, and an outgoing 

35 optical fibre (pigtail) coupled to this second 

graded index lens by means of a ferrule, the 
tubular projection of the laser module and an 
end portion of the tubular optical module being 
so shaped in relation to one another that a 

40 mechanical coupling of the two modules can 

be achieved, whereby the optical coupling be- 
tween the two modules takes place simulta- 
neously. 

45 2. An optoelectronic device as claimed in Claim 
1, characterized in that the semiconductor la- 
ser consists of a distributed feedback (DFB) 
semiconductor laser and the optical coupling 
between the laser element and the optical fibre 

50 included in the laser module is constructed as 

a tapered pigtail. 

3. An optoelectronic device as claimed in Claim 1 
or 2, characterized in that the ferrule in which 
55 the end of the optical fibre of the laser module 

is enclosed and the end of the first graded 
index lens which points towards said ferrule in 
the assembled state of the two modules are of 
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plane construction and enclose a small angle 
with a plane which is perpendicular to the 
optical axis of the assembly, while a small 
interspacing is present between the said 
planes. 5 

4. An optoelectronic device as claimed in Claim 
3, characterized in that the interspacing 
present between the planes of the ferrule and 
of the first graded index lens has a dimension io 
of 50 to 500 um, preferably approximately 200 
um. 
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FIG.1 




FIG.2 
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FIG.5 
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